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I NTRODUCTIDN
As p a r t o f t h e Westinghouse Hanford Company response t o Recommendation 94-1 o f t h e Defense Nuclear F a c i l i t y Safety Board, a Plutonium Inventory
Characterization Implementation Plan (Reference 1) was prepared.
l a i d out t h e framework t o e s t a b l i s h a s a f e t y basis f o r t h e p r i o r i t i z a t i o n o f s t a b i l i z a t i o n o f m a t e r i a l s based on systematic evaluation o f data records. physical observations and empirical container performance data.
The Implementation Plan presented a m a t r i x . represented i n Appendix 1 , t h a t i s an estimation o f t h e r e l a t i v e r i s k s o f e x i s t i n g containers i n inventory.
To c a r r y out t h e d e t a i l s o f t h e Implementation Plan. a t e s t p l a n , WHC-SD-CP-TP-086. Rev.
"Plan t o Examine Special Nuclear Material and t h e Foodpack Containers a t t h e Plutonium F i n i s h i n g Plant Storage
V a u l t s . " (Reference 2) was w r i t t e n . This t e s t p l a n described t h e
technical basis and l o g i c f o r t h e s e l e c t i o n o f containers t o be examined. selected t o represent t h e items o f highest r i s k i n t h e i r respective categories. Older packages. h i g h r a d i a t i o n and high decay heat items were selected so t h a t t h e c o n d i t i o n o f packages observed should represent t h e bounding worst case c o n d i t i o n o f inventory items It
The items t h a t were evaluated under t h i s t e s t p l a n were
The items examined can be broken i n t o s i x d i f f e r e n t categories t h a t a r e i n t h e m a t r i x :
1) Corrosive o r r e a c t i v e "dry" s o l i d s
2) Metal
3) A l l o y
4) Oxides and Compounds
5) Oxides thermally s t a b i l i z e d under 950°C
6) Oxides t h e r m a l l y s t a b i l i z e d over 950°C
The m a t e r i a l s selected a r e s o l i d forms o f plutonium stored i n foodpack cans Not included were plutonium s o l u t i o n s t h a t a r e already considered as high p r i o r i t y t o be processed i n t o oxide foodpack cans a l s o were not examined since t h e i r c u r r e n t storage c o n f i g u r a t i o n i n vented containers c l a s s i f i e s them as having low remaining container l i f e and w i 11 be processed i n t o ox1 de when process technology i s developed Mixed oxide f u e l p i n s and assemblies were n o t examined because o f t h e high i n t e g r i t y afforded by t h e i r cladding Polycubes although i n These polycubes a r e considered h i g h p r i o r i t y WHC-SD-CP-TRP-067, Rev 0 I n March 1996, 42 items were examined a t t h e Plutonium F i n i s h i n g Plant (PFP) using work p l a n PFP-96-VO-009, Inspection o f Special Nuclear Material Using X-ray" (Reference 3) Also, observations o f container conditions were made between June, 1995 and A p r i l . 1996 Observations were made and recorded w h i l e 127 containers were being opened f o r inventory v e r i f i c a t i o n sampling o r s t a b i 1 i z a t i o n process1 ng Based upon t h e observed c o n d i t i o n o f t h e stored plutonium and t h e i n t e g r i t y o f t h e foodpack cans t h e r e l a t i v e container l i f e expectancy on t h e m a t r i x can be v a l i d a t e d I f i n d i c a t e d t h e containers can be assigned t o a d i f f e r e n t category and p r i o r i t y f o r s t a b i l i z a t i o n processing s h i f t e d accordingly
This r e p o r t documents t h e composite technical e v a l u a t i o n o f a l l container observations and radiographs obtained between June 1995 and A p r i l 1996 on 169 containers and t h e i r r e l a t e d data records impact o f these data i n t h e form o f changes t o t h e m a t r i x and recommendations f o r f u t u r e inventory c h a r a c t e r i z a t i o n e f f o r t s a r e a l s o presented The 2
TEST METHOD AND TEST EQUIPMENT
A t o t a l o f 169 items were removed from v a u l t storage and examined e i t h e r d e s t r u c t i v e l y o r nondestructively 2 1 Destructive Test Methods Destructive examination can be described as t e s t i n g which r e s u l t s i n changes t o t h e p r o p e r t i e s o f t h e plutonium containers and/or m a t e r i a l c h a r a c t e r i s t i c s Plutonium stored i n foodpack cans i s r e t r i e v e d from these containers by opening them w i t h a can opener corrosion b u l g i n g dents and penetrations were observed and recorded on t h e containers noted A1 1 containers except ARF-100-86-349 t h e f l u o r i d e source (102-F-200-6) and a metal i t e m were opened due t o required sampling o r scheduled processing The type o f material t h a t was opened f o r sampling was plutonium oxide S t a b i l i z e d and u n s t a b i l i z e d ash was opened t o be processed through t h e Thermal Stabi 1 i z a t i o n Process Seven items i n t h e form o f plutonium oxide were opened i n t h e repackaging glovebox located i n 2736-ZB cans was gathered w h i l e t h e items were being opened and sampled f o r other purposes One i t e m (ARF-102 85-304) was videotaped w h i l e i t was being opened Seventy items o f s t a b i l i z e d ash and f o r t y seven items o f u n s t a b i l i z e d ash were opened t o be processed i n t h e Thermal S t a b i l i z a t i o n Process
Conditions such as
The type and c o n d i t i o n o f t h e s e a l -o u t bag was a l s o
Data on t h e c o n d i t i o n o f t h e
The m a t e r i a l was repackaged and returned t o t h e v a u l t WHC-SD-CP-TRP-067, Rev 0
Data on t h e c o n d i t i o n o f t h e cans was obtained as t h e items were opened
The m a t e r i a l was processed t o over 950°C and t h e m a t e r i a l was then packaged and returned t o v a u l t storage
. Non-Destructive Test Methods
Using WHC-SD-CP-TP-086. Rev 1. "Plan t o Examine Special Nuclear Material and t h e Foodpack Can Storage Containers a t t h e Plutonium F i n i s h i n g Storage V a u l t s " . work plan PFP-96-VO-009 was w r i t t e n t o examine items by radiography. Items were selected using t h e appendix from WHC-SD-CP-TP-086, Rev 1
The goal o f using radiography was t o gather i n f o r m a t i o n . on t h e c o n d i t i o n o f t h e items selected, i n a quick and e f f i c i e n t manner without exposing personnel t o high doses o f r a d i a t i o n .
The items were X-rayed using radiography equipment c o n s i s t i n g o f a c o n t r o l u n i t w i t h image d i s p l a y , X-ray generating u n i t , X-ray imager, and e l e c t r i c a l cables connecting t h e equipment together. generating u n i t and imager were placed i n t o t h e storage v a u l t . A 90' cable was l a i d from t h e material storage v a u l t t o c o r r i d o r 625 in 2736-ZB where i t was connected t o t h e c o n t r o l u n i t .
As a s a f e t y f e a t u r e , t h e r e a r e two i n t e r l o c k switches f o r t h e radiography equipment. One keyed i n t e r l o c k i s located i n t h e X-ray generating u n i t and t h e o t h e r . in t h e c o n t r o l u n i t . The Vault Operations (VO) operator and v a u l t t e c h n i c i a n were n o t allowed e n t r y i n t o t h e storage v a u l t unless t h e VO operator had possession o f t h e c o n t r o l u n i t key. The X-ray image was acquired o n l y a f t e r a l l i n d i v i d u a l s l e f t t h e storage v a u l t and t h e c o n t r o l u n i t key was returned t o t h e X-ray system operator.
The X-ray To achieve image a c q u i s i t i o n . t h e selected i t e m was placed i n f r o n t o f t h e X-ray imager. determine whether a d d i t i o n a l views o f t h e i t e m were needed t o assess i n t e r n a l container/material c o n d i t i o n s . p a r t i a l l y r o t a t e d one o r more times and a d d i t i o n a l images acquired.
The X-ray images were saved as d i g i t a l graphic f i l e s and may be r e t r i e v e d f o r viewing o r p r i n t i n g . A number o f those images a r e included i n t h i s document. A l l o f t h e X-ray images w i t h r e l a t e d data sheets may be found i n t h e appendix t o t h i s document which i s i n WHC-SD-CP-TRP-065. images. items w i l l be selected f o r opening and c l o s e r examination. Reasons t o s e l e c t an i t e m include questionable container i n t e g r i t y l p a c k a g i n g c o n f i g u r a t i o n as w e l l as t h e need t o v e r i f y conditions seen on t h e radiographs An X-ray image was taken and v i s u a l l y inspected t o I f required, t h e i t e m was then Based upon t h e information gathered from t h e X-ray WHC-SD-CP-TRP-067, Rev. 0 3 CORROSIVE OR REACTIVE "DRY" SOLIDS 3 1
Unstabi 11 zed Ash
Cans o f i n c i n e r a t o r ash containing carbonaceous m a t e r i a l were received and most were calcined a t 600°C between 1984 and 1986 items remained u n s t a b i l i z e d when t h e process was shut down concerns about t h i s ash b u i l d i n g pressure w i t h i n t h e foodpack cans these items were stored i n a v a u l t w i t h s p e c i a l l y designed drawers These drawers have v e n t i l a t i o n on them i n case an i t e m stored w i t h i n them ever ruptures Since t h e l i f e expectancy o f t h e u n s t a b i l i z e d ash items was expected t o be r e l a t i v e l y low a l l 47 items were considered h i g h p r i o r i t y and processed through t h e Thermal S t a b i l i z a t i o n Process i n 1995 The 47 u n s t a b i l i z e d ash items were opened i n glovebox HC-21A where m a t e r i a l was accounted f o r before i t was processed The foodpack cans were v i s u a l l y examined f o r degradation as they were opened The plutonium content f o r each item ranged from 10 t o 184 grams Some samples were taken f o r Loss On I g n i t i o n ( L O I ) Data on t h e LO1 may be found i n Reference 5 found i n t h e appendix S l a s and Crucible Unstabilized Ash D e t a i l e d information was gathered on t h i r t y o f t h e forty-seven items representing 64% o f u n s t a b i l i z e d ash i n t h e i n v e n t o r y v i s u a l l y inspected w h i l e being opened t o be processed through t h e Thermal S t a b i l i z a t i o n Process
The m a t e r i a l i s u s u a l l y a f i n e powder b u t as witnessed can c o n t a i n chunks o f m a t e r i a l The PVC seal out bag was o f t e n placed i n t o a polyethylene (PE) bag The PE bag was then h o r s e t a i l e d ( i e t w i s t e d on t h e open end and then taped) These were canned i n t o a small tomato can ( 4 1/16" X 4 5/8") o r a PUREX secondary can ( 4 1/16" X 6 1/4") and overpacked i n a seven i n c h can ( 4 1/4" X 7 " )
The material
The second storage c o n f i g u r a t i o n consisted o f two foodpack cans. material was packed i n t o a PUREX secondary can w i t h i n a glovebox. This was then sealed out o f t h e glovebox i n PVC and canned i n t o a seven i n c h can. Thirteen o f t h e 30 items had t h e crimp sealed PUREX secondary can as t h e m a t e r i a l can. A l l but one i t e m appeared t o be sealed out i n PVC. It should be noted t h a t t h e type o f p l a s t i c used t o seal out t h e material cans was determined based s o l e l y on a v i s u a l i n s p e c t i o n .
The e x t e r i o r o f t h e 7" can o f twenty n i n e o f t h e t h i r t y items showed no s i g n o f any problems t h a t would impact t h e i n t e g r i t y o f t h e container. However. one o f t h e t h i r t y items, ARF-101-86-44, had bulged t o p and bottom end p l a t e s t o t h e extent t h a t t h e can could be rocked on a f l a t surface. There were two foodpack cans i n t h i s i t e m ' s c o n f i g u r a t i o n . The i n n e r material can was not observed as bulged. There was evidence o f pressure i n t h e PVC seal out-bag, as i t was expanded t o t h e w a l l s o f t h e e x t e r i o r container. It i s assumed t h a t t h e o f f gas from t h e material leaked out o f t h e material can. When t h e m a t e r i a l can was opened, t h e m a t e r i a l p u f f e d out o f t h e can f o r approximately two seconds.
One item, ARF-101-86-51, had t h e m a t e r i a l can i n s i d e a PVC seal out bag which was i n s i d e a PE bag. gassing from t h e material i n s i d e t h e m a t e r i a l can. The PVC seal out bag d i d not contain pressurized o f f gas.
Another item, ARF-101-85-789. had a bulged i n n e r m a t e r i a l can. This item was a l s o packaged i n two foodpack cans.
had some d i s c o l o r a t i o n on i t b u t showed no signs o f p r e s s u r i z i n g . m a t e r i a l can was bulged on both ends. approximately 1/2" and 3/4" but was s t i l l pressurized.
i t e m , t h e operator had t o pound one end down. f u r t h e r compressing t h e gas i n t h e can. Material spewed out f o r approximately f i v e seconds when t h e item was opened. e x t e r i o r surface.
The
The opening o f t h i s i t e m was videotaped. The opening o f t h i s item was videotaped.
S l a q & Crucible S i x s l a g and c r u c i b l e items were selected and examined by radiography The X-ray images were d i f f i c u l t t o evaluate due t o several untinned cans being stored i n a c l u s t e r w i t h i n t h e 50 l b l a r d can One o f t h e c l e a r e r WHC-SD-CP-TRP-067 Rev 0 radiographs is shown in Figure 1 and each untinned can retrieved and examined in order to obtain more detailed information There was no evidence of any deformed cans of slag and crucible
The lard cans will have to be opened Several unstabilized ash items when opened. were found slightly pressurized This was not totally unexpected due to the fact that it was recognized that these containers were not thermally stabilized on receipt to fully drive off volatiles All of the unstabilized ash was processed through the Thermal Stabilization Furnaces at ca 950°C Subsequent LO1 testing resulted in <O 5% volatiles Since all of the unstabilized ash has now been processed, there is no need to address WHC-SD CP-TRP-067 Rev 0 t h i s category f u r t h e r A l l 47 items have moved from t h e category o f "Corrosive o r Reactive "Dry' S o l i d s " w i t h Remaining Container L i f e Expectancy -Low-Medium found i n Table 2 t o t h e "Oxide S t a b i l i z e d >950°C' w i t h Remaining Container L i f e Expectancy -Medium-High found i n Table 3 Slaq & Crucible
The untinned cans were n o t removed from t h e l a r d cans i n which they are c u r r e n t l y being stored c o n d i t i o n o f most o f t h e s l a g and c r u c i b l e items due t o m u l t i p l e l a y e r s o f cans overlapping on most o f t h e X-ray images were discovered but data i s not conclusive i n d i v i d u a l items o u t s i d e o f t h e l a r d can w i l l be w r i t t e n and implemented
As a r e s u l t i t i s d i f f i c u l t t o determine t h e
No detectable problems A work p l a n t o examine 4 .
METAL
The plutonium metal inventory contains l a r g e (about 2 kilograms) pieces o f plutonium commonly r e f e r r e d t o as buttons and smaller mass items t h a t are on t h e order o f a few hundred grams Some o f t h e metal has been i n storage f o r over 25 years Twenty items were examined using radiography and one i t e m was opened f o r i n s p e c t i o n Buttons A t o t a l o f s i x t e e n buttons were examined using radiography items selected t y p i c a l l y were f u e l s grade plutonium (about 16% z40Pu) and over 25 years o l d high end o f t h e decay heat and age spectrum o f t h e metal category Thermal decay heat o f t h e buttons examined was i n t h e 10 t o 12 watt range Four small pieces o f metal were examined by radiography and one was opened f o r i n s p e c t i o n years t o over 25 years s i m i l a r t o t h a t o f t h e buttons described above Two o f t h e items. categorized as Laboratory Scrap were chosen f o r inspection by radiography because records i n d i c a t e d t h a t t h e net weight o f t h e material n e a r l y equaled t h e plutonium weight i n t h e container suggesting t h e contents were metal
Records i n d i c a t e t h a t a l l o f t h e metal items t h a t were examined were packaged a t Hanford The metal items were packaged i n several d i f f e r e n t c o n f i g u r a t i o n s because o f t h e packaging p r a c t i c e s i n use a t t h e time o f packaging operating procedures a l l metal items a r e expected t o have been packaged i n d r y a i r gloveboxes cans p r i o r t o applying t h e l i d has been used i n t h e past b u t i t has not been determined when t h e p r a c t i c e was s t a r t e d The metal generally was f i r s t packaged e i t h e r i n a material can o r t i g h t l y wrapped i n aluminum
As an example i t e m 41-88-09-214 was chosen because t h e plutonium weight was recorded as 352 grams and t h e net weight was 355 grams i n d i c a t i n g t h a t t h i s i t e m was greater than 99% plutonium Another i t e m categorized as Recastable Metal (Item No 92-79-02-01) and a p a r t i a l button were examined using radiography Based on review o f records, another p o r t i o n o f t h e p a r t i a l button t h a t was radiographed was located and taken t o a glovebox and opened f o r i nspection
The age o f these items ranged from about t e n The packaging c o n f i g u r a t i o n was expected t o be
2 Test Results
Buttons Sixteen plutonium metal buttons were examined by radiography d i f f e r e n t container c o n f i g u r a t i o n s and c o n d i t i o n of metal were observed
The container c o n f i g u r a t i o n s may be g e n e r a l l y described as e i t h e r a f o u r can system o r a two can system
The radiograph shown i n Figure 2 depicts t h e f o u r container system The metal i s stored i n a small crimp sealed foodpack can Based on knowledge o f past p r a c t i c e s i t i s believed t h a t t h i s can was bagged out o f t h e glovebox and placed i n a tape sealed one pound s l i p l i d ( 3 5 i n c h diameter by 3 5 i n c h t a l l ) can This could n o t be confirmed by observation on t h e radiographs This s l i p l i d can was then over packed i n two clean crimp sealed cans
The inner o f these sometimes r e f e r r e d t o as a tomato can i s t y p i c a l l y 4-1/16 inches diameter by 4-5/8 inches t a l l
In a l l cases t h e o u t e r can was 4 114 inches diameter by 7 inches t a l l Can bodies used f o r these two o u t e r containers were both s t r a i g h t wall and "indented r i b " types Twelve o f t h e s i x t e e n buttons examined were packaged i n f o u r cans as p r e v i o u s l y described The two container system observed i n f o u r instances i s i l l u s t r a t e d i n Figure 3 and t h e o u t e r can i s t h e same 7 -i n c h t a l l can as used i n t h e f o u r container system Several The innermost m a t e r i a l can i s t h e same small crimp seal can WHC-SD-CP-TRP-067, Rev. 0 
As p a r t o f t h e data gathered during t h e radiography e f f o r t t h e containers were weighed and compared t o t h e gross weight recorded on t h e l a b e l s o f t h e containers nearest gram w h i l e t h e c u r r e n t weights were recorded t o t h e nearest t e n t h o f a gram The inventory data base was reviewed t o determine when l a b e l s were a p p l i e d These data i n d i c a t e most were a p p l i e d p r i o r t o t h e establishment o f t h e data base around 1981 which i s consistent w i t h t h e age o f t h e m a t e r i a l
The range o f d i f f e r e n c e s i n weight was minus 0 9 gram t o plus 3 1 grams Plant procedures c a l l f o r b u t t o n brushing t o remove oxide and repackaging whenever an increase i n can weight g r e a t e r than f i v e grams i s observed Such weight gains a r e i n d i c a t i v e t h a t containers are n o t h e r m e t i c a l l y sealed and t h e metal has undergone some degree o f o x i d a t i o n Removal o f t h e oxide and repackaging i n new cans would r e s u l t i n a new gross weight f o r t h e item t h a t would be recorded i n t h e data base o f t h e radiographed metal buttons had a record o f weight change other than t h a t associated w i t h a p p l i c a t i o n o f tamper i n d i c a t i n g seals The l a b e l weights were recorded t o t h e For t h e 15 year p e r i o d recorded i n t h e data base none WHC-SD-CP-TRP-067. Rev. 0 The X-ray image (see Figure 7 ) shows a small chunk o f metal i n s i d e what appears t o be a glass j a r . This was sealed out and canned i n t o a tomato can and overpacked i n a 7 " can.
I n 1984. t h e gross weight o f t h e i t e m was recorded t o t h e nearest gram as 614 grams. In March o f 1996. t h e gross weight was 615.1 grams, a g a i n o f 0 . 6 t o 1 . 6 grams depending on how much 614 was rounded. Based on weight gain and t h e X-ray image, t h e metal does n o t appear t o be s i g n i f i c a n t l y oxidized.
Assuming t h a t o x i d a t i o n i s occurring s l o w l y , t h i s i t e m i s expected t o
l a s t another 10 t o 50 years i n i t s c u r r e n t c o n f i g u r a t i o n . Figure 8 ) show what appears t o be some loose powder w i t h t h e metal i t e m The metal i s packaged i n a small s l i p l i d can and overpacked w i t h t h r e e crimp sealed cans l a b e l weight was t h e same as t h e balance weight
The foodpack can ends appear t o be s l i g h t l y deformed inwards Based on t h e observations discussed above another p o r t i o n o f t h e o r i g i n a l b u t t o n was opened f o r v i s u a l examination It was observed t h a t t h e metal had been wrapped i n aluminum f o i l which was sealed out o f t h e glovebox i n PVC canned i n a pineapple can and overpacked i n a seven i n c h can i d e n t i c a l l y t o t h a t observed i n These sixteen items came i n t o existence i n t h e l a t e s i x t i e s and e a r l y seventies. Based on h i s t o r i c a l knowledge a l l t h e buttons were very l i k e l y o r i g i n a l l y packaged i n t h e small crimp sealed can, followed by a seal-out bag. This was then packed i n t o a s l i p -l i 
r e s u l t e d i n overpacking t h e containers w i t h two food pack cans t o exclude a d d i t i o n a l a i r from e n t e r i n g t h e m a t e r i a l containers. This sequence o f actions r e s u l t e d i n t h e f o u r can c o n f i g u r a t i o n .
I f during subsequent storage t h e container appeared t o be bulged o r gained weight i n excess o f 5 grams. t h a t item would be moved i n t o a glovebox. opened, t h e metal brushed, and repackaged. P r i o r t o 1978 when t h e PFP established formal Operating S p e c i f i c a t i o n s focussed on s a f e t y o f material stored i n v a u l t s , such a repackaging a c t i v i t y could have r e s u l t e d i n t h e two can c o n f i g u r a t i o n . Subsequent t o t h a t date, t h e Operating S p e c i f i c a t i o n required two contamination-free metal cans t o be t h e outer two containment b a r r i e r s . There was g e n e r a l l y l e s s corrosion o f plutonium metal evident i n t h e two can c o n f i g u r a t i o n as compared t o t h e f o u r can c o n f i g u r a t i o n . these buttons subsequent t o o r i g i n a l packaging.
Both p o s i t i v e and negative pressure conditions o f t h e tomato cans a r e explainable. by combination o f n i t r o g e n w i t h elemental plutonium a t elevated temperatures. r e a c t i o n i s p o s s i b l e . This would c r e a t e a vacuum i n t h e m a t e r i a l can capable o f buckling t h e can. Even a s l i g h t leak o f t h i s can would a l l o w in-leakage o f a i r from i n s i d e t h e s l i p l i d and tomato cans since t h e taped s l i p l i d can i s n o t expected t o be an e f f e c t i v e gas s e a l . This in-leakage i n t u r n causes t h e tomato can t o be under a vacuum because o f t h e consumption o f a i r by t h e corrosion o f t h e plutonium metal. On t h e other hand, i f t h e innermost m a t e r i a l can does n o t l e a k , t h e gas i n t h e s l i p l i d and tomato cans would be a i r . Heating o f t h i s a i r would cause Reference 7 i d e n t i f i e d two s i g n i f i c a n t v a u l t
This i s consistent w i t h having brushed
Reference 8 i n d i c a t e s t h a t plutonium n i t r i d e can be formed I f t h e innermost m a t e r i a l can's atmosphere i s a i r such a WHC SD-CP-TRP-067 Rev 0 a s l i g h t p r e s s u r i z a t i o n o f t h e tomato can estimated storage temperatures r e s u l t s i n pressures on t h e order o f 5 p s i g The extent o f can end p l a t e deformation observed i s consistent w i t h pressures i n t h i s range seals on t h e tomato cans
The
t o overpacking i n two crimp sealed cans
The r a t e o f t h i s corrosion v i s i b l e oxide growth i n a few years i s s i g n i f i c a n t l y higher than t h a t which i s c a l c u l a t e d from weight change data and observed i n t h e radiographs This s t r o n g l y suggests t h a t t h e r e a c t i o n r a t e has been s i g n i f i c a n t l y slowed t o n e a r l y zero due t o l a c k o f r e a c t i o n products Increase i n weight i s a very s e n s i t i v e measure o f container seal q u a l i t y and r a t e o f metal corrosion It should continue t o be a primary c o n t r o l parameter f o r determining s a f e t y o f items i n storage and e s t a b l i s h i n g t h e p r i o r i t y f o r s t a b i l i z a t i o n processing o f metal Analyzing t h e apparent weight g a i n o r l o s s o f s i x t e e n buttons on a case by case basis i t was found t h a t t e n items had no change o r gained weight and f i v e l o s t weight The weight change on one i s unknown because t h e weight data was not recorded on t h e data sheet
i o n o f t h i s weight i s adhesive b u t t h e p o t e n t i a l magnitude o f t h e weight l o s s o f v o l a t i l e s from t h e adhesive i s t h e same magnitude o f t h e negative weight changes F i n a l l y t h e weights were determined w i t h an Calculated pressures f o r Both conditions i n d i c a t e good container I f i t i s assumed t h a t t h i s i s Using t h e Ideal Gas Law and t h e If one assumes a f i f t e e n year p e r i o d (back t o The c a l c u l a t e d leak r a t e i s 5 x Graph 1 While negative The rounding o f T h i r d t h e l o s s o f a v o l a t i l e Some of t h e tamper i n d i c a t i n g
WHC-SD-CP-TRP-067. Rev. 0
METAL MARCH 1998 INSP
Graph 1 -D i s t r i b u t i o n o f weight changes observed on 15 metal buttons e l e c t r o n i c l a b e l adhesives) and a constant weight subtracted from t h e container weight t o estimate t h e can gross weight e l e c t r o n i c l a b e l and amount o f adhesive used t o a t t a c h t h e e l e c t r o n i c l a b e l can cause c a l c u l a t e d weight losses attached t o t h e can ( w i t h varying amounts o f V a r i a b i l i t y i n t h e weights o f t h e WHC-SD-CP-TRP-067. Rev. 0 Assuming t h a t a l l f o u r of these mechanisms a r e being e x h i b i t e d i n these data, i t i s reasonable t o assume t h a t t h e negative changes are i n d i c a t i v e o f t h e a b i l i t y t o o b t a i n a t r u e value o f weight change. Given these assumptions, one might consider t h a t t r u e weight changes i n t h e contents o f t h e packages can be measured o n l y t o about t h e nearest gram. Even w i t h t h i s l i m i t a t i o n . t h i s f i g u r e suggests t h a t t h e r e i s a p o s s i b i l i t y t h a t some metal items i n t h e inventory t h a t exceed a f i v e gram weight increase. It i s recommended t h a t a d d i t i o n a l metal items be examined f o r weight changes i n t h e next phase o f t h i s inventory c h a r a c t e r i z a t i o n a c t i v i t y t o b e t t e r d e f i n e t h e d i s t r i b u t i o n curve. The d i s t r i b u t i o n curve can then be used t o estimate t h e l i k e l i h o o d o f having a container i n t h e inventory w i t h an excessive weight gain i n d i c a t i v e o f a ongoing corrosion o f t h e metal Small Metal Pieces On t h e basis o f t h e f i v e small metal pieces observed i t i s concluded t h a t t h e r e i s great v a r i a b i l i t y i n c o n d i t i o n o f metal and packaging methods f o r t h i s type o f item It i s recommended t h a t small metal pieces should be considered as a d i s t i n c t subset o f t h e metal inventory It i s a l s o recommended t h a t f u t u r e radiography i n c l u d e small metal pieces t o g a i n a b e t t e r understanding o f t h i s subset o f t h e inventory From a s a f e t y standpoint these items appear n o t t o pose a s i g n i f i c a n t t h r e a t o f breach of containers because i n a l l cases t h e f r e e volume and clearance between t h e metal and can w a l l s appear t o be more than adequate t o contain a l l t h e powder t h a t could be produced by f u l l conversion o f t h e metal t o oxide I n d i v i d u a l items a r e discussed below + Plutonium Metal Shavings ( I t e m 41-88-09-214) This i t e m was removed from t h e 2736-2 v a u l t s due t o concerns t h a t i t may spontaneously o x i d i z e due t o t h e g r e a t e r than average surface area t o mass r a t i o designed drawers t h a t a r e v e n t i l a t e d i n a way as t o prevent contamination should an item ever leak contamination being w r i t t e n t o process t h i s i t e m through t h e Thermal S t a b i l i z a t i o n Process It was placed i n t o a v a u l t w i t h s p e c i a l l y A t e s t plan i s + Metal Chunk ( I t e m 41-84-11-446) I n 1984. t h e gross weight o f t h e item was recorded t o t h e nearest gram as 614 grams.
grams. a gain o f 0 . 6 t o 1 . 6 grams depending on how much 614 was rounded. Based on weight gain and t h e X-ray image. t h e metal does not appear t o be s i g n i f i c a n t l y oxidized. The recastable metal appears t o be packaged adequately, however t h e loose powder observed i s n o t consistent w i t h t h e l a c k o f weight g a i n I n March o f 1996, t h e gross weight was 615.1
WHC-SD-CP-TRP-067 Rev 0 Further study o f t h i s item i s recommended t o r e c o n c i l e t h e d i s p a r i t y No a c t i o n i s required p e r t a i n i n g t o t h i s i t e m based on lack o f weight
gain S i m i l a r metal items should be examined using radiography + P a r t i a l Buttons
Based on records i t i s believed t h a t a b u t t o n was broken i n t o s i x d i f f e r e n t pieces i n t h e inventory The two items t h a t were examined had signs o f s i g n i f i c a n t o x i d a t i o n Because o f concern f o r t h e c o n d i t i o n o f t h e observed p a r t i a l buttons i nventory records were exam ned t o see i f addi t i o n a l p a r t i a1 buttons beyond t h e f i v e discussed here e x i s t i n t h e inventory found designed drawers t h a t are v e n t i l a t e d i n a way as t o prevent contamination should an item ever leak The f i v e items w i l l be processed through t h e Thermal Stabi 1 i z a t i o n Process t o form high f i r e d plutonium oxide i nventory For t h e can t h a t was radiographed t h e s i g n i f i c a n c e o f t h e 2 7 weight gain r e l a t i v e t o t h e 213 grams o f metal i n t h e can was evaluated To estimate a can in-leakage r a t e i t i s assumed t h a t t h e metal reacted w i t h oxygen and/or n i t r o g e n from a i r l e a k i n g i n t o t h e container Both plutonium oxide and plutonium n i t r i d e have been known t o form on plutonium metal i n storage The d i f f e r e n c e s i n percentage o f these compounds does n o t s i g n i f i c a n t l y a f f e c t c a l c u l a t e d leak r a t e s To gain 2 7 grams by r e a c t i o n w i t h a i r about 1 9 l i t e r s o f a i r would have had t o pass from t h e outside o f t h e foodpack cans t o t h e metal since t h e t i m e i t was packaged ( i e Nov 1979)
This c a l c u l a t e s t o a leak r a t e o f 1 78 x 10 5 cclsec i n d i c a t e about twenty grams o r almost t e n percent o f plutonium metal would have reacted w i t h a i r Figure 9 
suggests t h e o r i g i n a l oxide i s present w i t h i n t h e p l a s t i c bag i n s i d e t h e i n n e r can consistent w i t h these c a l c u l a t i o n s innermost can t h a t complete r e a c t i o n o f t h e metal w i t h a i r would not jeopardize t h e package i n t e g r i t y due t o lower d e n s i t y oxide f i l l i n g t h e can
Five o f t h e pieces were packaged and a r e c u r r e n t l y
It i s not known what happened t o t h e s i x t h piece
None were These f i v e items have been placed i n t o a v a u l t w i t h s p e c i a l l y This w i l l e l i m i n a t e t h i s subset o f t h e metal
The 2 7 gram increase would There appears t o adequate f r e e volume i n t h e
The r e l a t i v e r i s k s of inventory items c o n t a i n i n g plutonium metal pieces may be established by consideration o f several variables Some o f t h e more important parameters a r e gain i n weight i n d i c a t i v e o f container leakage loss o f i n t e g r i t y o f one o r more o f t h e containers number o f sealed containers excluding a i r from t h e metal and t h e amount of a x i a l and r a d i a l space between t h e metal piece and i n n e r container w a l l s a v a i l a b l e t o accommodate oxide t h a t may form r e l a t i v e t o shape and s i z e of t h e metal piece heat extent o f oxide o r other compounds already present on t h e metal
m e t a l l i c phase o f t h e plutonium and h i s t o r y o f s t a b i l i t y o f l i k e items One can use event t r e e t y p e evaluations t o e s t a b l i s h r e l a t i v e r i s k s o f
Other parameters are age o f containers t o t a l decay
WHC-SD-CP-TRP-067 Rev 0 t h e metal items using t h e aforementioned parameters
For N selected parameters defined such t h a t t h e r e a r e o n l y two choices i n d i c a t i v e o f r e l a t i v e r i s k s event t r e e modeling r e s u l t s i n 2' d i f f e r e n t combinations o f t h e parameters, each o f which has a d i f f e r e n t r e l a t i v e r i s k The s i x t e e n plutonium buttons examined by radiography were evaluated using t h e f o u r parameters l i s t e d above as t h e more important parameters f o r i l l u s t r a t i v e purposes The c r i t e r i a used and r e s u l t s are presented i n Table 1 In Table 1 t h e higher r e l a t i v e r i s k o f each c r i t e r i o n moves t h e i t e m upward on t h e t a b l e r e s u l t i n g i n t h e r i g h t hand column being a l i s t i n g o f decreasing r e l a t i v e r i s k s o f these s i x t e e n metal buttons WHC-SD-CP-TRP-067. Rev. 0
3 Conclusions and Recommendations
The material w i t h i n item AL-33-12-10 3 does not appear from t h e X-ray images t o be degrading aluminum The material i s packaged i n two foodpack cans
Radiography should be continued t o gain a d d i t i o n a l information regarding t h e v a r i a b i l i t y and c o n d i t i o n o f other a l l o y items i n t h e inventory
This may be due t o most o f t h e material being WHC-SD-CP-TRP-067. Rev. 0 
S i x d i f f e r e n t types o f items i d e n t i f i e d as plutonium oxide were selected and examined F i v e o f t h e items appeared t o be packaged according t o t h e c u r r e n t v a u l t s p e c i f i c a t i o n s One i t e m (ZQM-78-06-48) was packaged i n what appears t o be a p a i n t can i n s i d e a 7" can The X-ray ( F i g 12) suggests t h e w a l l thickness o f t h i s p a i n t can i s t h i c k e r than most o f t h e foodpack cans observed This m a t e r i a l can was d i s c o l o r e d as though t h e surface had d i f f e r e n t w a l l thicknesses throughout t h e e n t i r e can This may be due t o surface r u s t This item gained 2 5 grams
Three of t h e f i v e oxides examined i n t h i s group had weight gains greater than two grams The other i t e m gain was AUA-37-03 011 w i t h 2 2 grams gained No obvious bulges deformations poor can seals o r corrosion were observed on t h e radiograph images f o r any o f t h e oxide items o t h e r than ZQM 78-06-48 41-85-03-546 had a plutonium weight o f 144 grams This t r a n s f e r was DZO-35-09 016 had t h e greatest gain a t 15 grams WHC-SD-CP-TRP-067, Rev. 0 There was great v a r i a t i o n between t h e items scrap items a r e described i n d i v i d u a l l y below scraD items were described i n t h e Metals s e c t i o n The c r i t e r i a f o r examining these
The two d i f f e r e n t types o f
Two o t h e r laboratory + Sample B o t t l e s (41-85-08-1381)
This item consisted o f one o f two 7 " cans being contained w i t h i n a l a r d can. W i t h i n t h e 7" cans were dozens o f very small sample b o t t l e s . It i s n o t known i f t h e sample b o t t l e s c o n t a i n plutonium metal o r oxide. i s i d e n t i c a l t o t h e plutonium weight. I n t h e o r y , t h i s material should be metal.
Documentation s t a t e s t h a t t h e n e t weight (120 grams)
WHC-SD-CP-TRP-067, Rev. 0 Three containers were sealed out and t h e bag placed i n t o a 7 " foodpack can This item was chosen t o x -r a y due t o information s t a t i n g t h a t t h e m a t e r i a l i s greater than 99% plutonium The plutonium weight i s 144 grams w h i l e t h e n e t weight i s 145 grams There was o n l y 0 1 gram o f weight gain i n t h i s i t e m s i n c e i t was packaged t e n years ago The f i r s t container located t o t h e r i g h t o f center and near t h e bottom o f t h e can i n Figure 14 appears t o be a c y l i n d r i c a l container t h a t i s packed f u l l of m a t e r i a l appears deformed as though t h e r e i s an expansion o f t h e m a t e r i a l i n s i d e t h e container
The end t h a t i s not deformed has a l i p around i t
The bottom o f t h i s container WHC-SD-CP-TRP-067 Rev 0
The second container located highest i n t h e container and i n t h e center o f t h e can as shown i n Figure 14 
i s c y l i n d r i c a l and f i l l e d about two t h i r d s w i t h m a t e r i a l It appears t o be made out o f glass There i s a sharply defined chunk i n t h e container a t t h e t o p o f what
otherwise appears t o be powder There i s a l s o a small chunk o f m a t e r i a l t h a t i s i n a t h i r d sample b o t t l e t h a t i s b a r e l y discernable on t h e radiograph i s thought t o be p l a s t i c On one image t h i s chunk i s square w h i l e other X-ray images show i t t o be c y l i n d r i c a l This container Plutonium F l u o r i d e Source The f i v e pound s l i p l i d can was i n p e r f e c t c o n d i t i o n o l d sealed source (102-F-200-6) which contains t h e plutonium f l u o r i d e was swiped f o r removable contamination and none was found P o s i t i v e response o f an alpha survey instrument a t t h e bottom o f t h e container suggests i t had f i x e d contamination on t h e bottom o f i t The welded closure o f t h i s source i s a t t h e t o p o f t h e container An i n d i v i d u a l who was involved i n use o f t h e sealed container suggested t h a t i t i s not f i x e d contamination b u t r a t h e r instrument probe "noise" caused by high r a
d i a t i o n f i e l d associated w i t h t h e source and p r o x i m i t y t o t h e source
The t h i r t y year The way t h i s i t e m i s packaged i s questionable opened using a work p l a n The heterogeneous nature o f t h e contents o f t h i s inventory i t e m suggests l i t t l e knowledge w i l l be gained
P1 utoni um F1 u o r i de Source
Visual observation o f t h e outside o f t h e source provided no information on t h e s a f e t y o f t h i s i t e m pressure t o e x i s t radiographed o r otherwise evaluated f o r excessi ve i n t e r n a l pressure There i s a p o t e n t i a l f o r a h i g h i n t e r n a l It i s recommended t h a t t h i s container be WHC-SD-CP-TRP-067. Rev. . and 61-85-05-651 were examined nondestructively using radiography. e i t h e r i n how they were processed o r i n how they were packaged. o f these oxides o r i g i n a t e d a t Hanford.
Seven plutonium oxide items from t h e same o f f s i t e source were opened and sampled i n t h e repackaging glovebox i n 2736-ZB. were v i s u a l l y examined as they were opened. be a black surface r u s t forming on t h e containers due t o t h e moisture i n t h e v e n t i l a t i o n i n l e t a i r .
There were several cans w i t h s i m i l a r d i s c o l o r a t i o n in t h i s v a u l t . Examination was needed t o determine whether t h e d i s c o l o r a t i o n has had any negative e f f e c t on t h e i n t e g r i t y o f t h e outer can. The v a u l t , from which t h i s item was removed. has a h i s t o r y o f developing condensation on t h e w a l l s during w i n t e r months. This group of d i s c o l o r e d cans i s located near t h e a i r supply i n l e t i n t h e v a u l t . The item was deemed t o be i n t h e poorest O f t h e seven ARF oxide items, t h a t were opened and sampled on August 21st and 22nd. 1995. a l l were packaged and shipped t o PFP from another DOE s i t e . packaged i n a crimp sealed can. out i n PVC. have t h e dimensions o f t h e PUREX secondary can. placed i n s i d e a 7" can.
A l l seven items were i n good c o n d i t i o n on t h e e x t e r i o r of t h e 7" can. There was no r u s t o r signs o f bulging. shiny and f r e e o f any r u s t . condition i n s i d e and o u t . Three o f t h e items had some residue from t h e PVC seal-out bag on t h e i n t e r i o r o f t h e inner can. one item and discolored on s i x o f t h e other seal out bags.
out bags had a brownish t i n g e . h i g h l y discolored and were t h e items t h a t had t h e PVC residue on t h e i n t e r i o r o f t h e inner cans. The PVC residue was a l s o on t h e material cans A l l o f t h e other oxide items i n t h i s group had weight gains o f
Within each o f t h e seven items t h e plutonium oxide was This material can i n t u r n was sealed This was then placed i n t o a inner can which appeared t o This inner can was then
The i n t e r i o r o f t h e 7" cans were
The PVC was c l e a r on
The seven inner cans were a l s o i n good
Three seal The other t h r e e seal out bags were O f t h e t h r e e cans w i t h h i g h l y discolored bags one can had marks l e f t on i t r e s u l t i n g from contact w i t h t h e PVC on t h e PVC seal out bag discolored PVC was a reddish purple which was not near t h e plutonium oxide was s t i l l c l e a r Apparently t h e closer t h e PVC was t o t h e material suggesting heat r e l a t e d degradation discolored p o r t i o n when ripped by an operator When t h e r i p reached t h e m i l k y white (non degraded) p o r t i o n o f t h e PVC i t ceased t o r i p The discolored o r degraded PVC w h i l e e a s i l y t o r n was not b r i t t l e The other two PVC seal out bags d i d not leave markings on t h e material can but l i k e t h e i n t e r i o r on t h e inner can l e f t a w h i t i s h residual
The plutonium oxide was a f i n e brown powder hard clumps o f material i n i t material cans were i n good c o n d i t i o n both e x t e r n a l l y and i n t e r n a l l y ARF 102 86 304 was videotaped as i t was being opened t h e other s i x items i s i n t h e appendix There were corresponding marks The marks were w h i t i s h w h i l e t h e surrounding
The top o f t h i s PVC seal-out bag
The PVC t o r e e a s i l y i n t h e t h e more degraded i t became A couple o f items had some One o f these items also had some white specks S p e c i f i c data on I t i s speculated t h a t t h i s may have been talcum powder The WHC-SD-CP-TRP-067. Rev. 0 ARF -100 -86-349
The item was sealed i n t o t h e repackaging glovebox and t h e 7" can opened. The i n t e r i o r o f t h e 7" can was shiny w i t h no signs o f d e t e r i o r a t i o n . The e x t e r i o r o f t h e i n n e r can was shiny and looked new. s i g n o f b u l g i n g .
S t a b i l i z e d Ash
Seventy i tems were opened t o be processed through t h e Thermal S t a b i l i z a t i o n Process. Twenty f i v e o f these items had d e t a i l e d information regarding t h e packaging c o n d i t i o n gathered on them. was gathered p r i m a r i l y by Thermal S t a b i l i z a t i o n Operations through visual inspection o f t h e containers. It i s reported t h a t . o f t h e twenty f i v e . t h e r e was only one s l i p l i d can t h a t had pressurized. other concern w i t h t h e i n t e g r i t y o f t h e containers was t h a t t h e PVC seal-out bags were discolored. i n d i c a t i n g degrading o f t h e seal-out bags The seven oxide items t h a t were opened t o be sampled were i n good c o n d i t i o n . The o n l y degradation was t h e PVC seal out bag around t h e m a t e r i a l can. This b a r r i e r i s not taken i n t o account f o r t h e double containment.
There was no This i t e m was not examined any f u r t h e r .
Data The only
Various items w i l l be i d e n t i f i e d t o be opened and sampled ARF -100 -86-349
The i n t e r i o r o f t h e e x t e r i o r can showed no signs o f d i s c o l o r a t i o n This was a l s o t r u e o f t h e e x t e r i o r o f t h e i n n e r can Since one o f t h e o l d e s t and most discolored cans was chosen from t h e v a u l t f o r examination i t i s concluded t h a t t h e r e i s no immediate t h r e a t t o t h e i n t e g r i t y o f t h e l e s s discolored cans due t o c o r r o s i o n It i s recommended t h a t t h e e x i s t i n g monthly visual i n s p e c t i o n o f these containers be continued t o assure t h a t t h e r a t e o f d i s c o l o r a t i o n i r u s t i n g i s n o t changing 
Thermallv S t a b i l i z e d Material
This item was r e c e n t l y processed through the Thermal S t a b i l i z a t i o n Process as glovebox sludge The material i s contained i n a PUREX s l i p l i d can It was then sealed out using PVC and canned i n t o a PUREX secondary can and overpacked i n a 7 " can There were no bulges o r weight changes Table 2 appears t o adequately e s t a b l i s h p r i o r i t i e s f o r s t a b i l i z a t i o n o f mater1 a1 s inventory t h a t were judged t o be t h e highest r i s k Containers were selected because of extremes o f age heat content mass o f plutonium and degree o f knowledge o f contents
The observations were made on about 2% o f t h e inventory imminent container i n t e g r i t y f a i l u r e s t h a t would r e s u l t i n release o f contamination t o t h e storage f a c i l i t y o r workers f a c t s i t i s concluded t h a t t h e f a i l u r e r a t e o f t h e containers i n t h e e x i s t i n g inventory i s extremely low consistent w i t h t h e n e a r l y p e r f e c t record o f contamination c o n t r o l i n t h e 2736-2 storage v a u l t since i t s i n i t i a l loading i n 1970 3 The observed weight gains o f plutonium metal items i s very low a t d i n d i c a t i v e o f very low a i r in-leakage r a t e s (on t h e order o f 10 cc/sec) seals however t h e f r a c t i o n o f t h e inventory sampled was small Weight gains due t o corrosion o f plutonium a t observed r a t e s i s not o f concern f o r t h e next decade assuming no catastrophic f a i l u r e s o f container i n t e g r i t y Although they a l s o had very low c a l c u l a t e d container leakage r a t e s oxides and oxide l i k e m a t e r i a l s had noticeably greater weight gains than metal containers 4 Not a l l packages were packaged as c u r r e n t l y s p e c i f i e d by PFP operating s p e c i f i c a t i o n s f o r v a u l t storage were packaged subsequent t o t h e date t h a t t h e requirements were established None however represented an imminent t h r e a t t o container i n t e g r i t y Laid out i n t h i s fashion, r e l a t i v e r i s k decreases from l e f t t o r i g h t and from t o p t o bottom The highest r i s k items. and thus highest i n p r i o r i t y f o r s t a b i l i z a t i o n a r e i n t h e upper l e f t region o f t h e m a t r i x and t h e lowest r i s k items are i n t h e lower r i g h t region The o b j e c t i v e s o f t h e s t a b i l i z a t i o n e f f o r t s responsive t o t h e DNFSB Recommendation 94 1 w i l l have been met when t h e e n t i r e inventory has been t r a n s i t i o n e d t o t h e lower r i g h t corner o f t h e m a t r i x P r i o r i t i z a t i o n o f materials according t o t h e m a t r i x minimizes residual r i s k o f f a i l u r e s o f e x i s t i n g containers w h i l e i n storage u n t i l s t a b i 11 z a t i on and repackaging i s achieved One o b j e c t i ve o f i nventory c h a r a c t e r i z a t i o n e f f o r t s i s t o assure t h a t t h e r i s k estimate presented by t h e m a t r i x i s v a l i d by assessing container i n t e g r i t y Tables 2 and 3 are representations o f a hypothetical r i s k model based on l i f e expectancies o f SNM material containers Data i s c u r r e n t l y being gathered t o v e r i f y i f t h e estimates on t h e expected container l i f e are c o r r e c t context o f plutonium storage a t t h e PFP. t h e r e are f o u r l e v e l s o f concern
In t h e WHC-SD-CP-TRP-06-Rei/ il r e l a t i v e t o remaining container s e r v i c e l i f e follows These may be defined as
Remaining Container L i f e Expectancy The container i s i d e n t i f i e d as l e a k i n g considered pressurized t o t h e p o i n t t h a t repackaging i s required as d e f i n e d i n PFP Operating S p e c i f i c a t i o n Document OSD 2-184-00013 o r has been evaluated as less than adequate f o r t h e m a t e r i a l c u r r e n t l y being s t o r e d could a l s o be described as "Unstable" i n v e n t o r y items 
